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© Process and apparatus for the determination of the coagulation time of blood and plasma. 



© Process and apparatus for the determination of 
the coagulation time of blood and plasma. 
Comprises mechanical means contacting the fluid 
and the corresponding reactives to be analyzed, 
which mechanical means are given a displacement 
which is capable to be altered by the initiation of the 
coagulation of the fluid to be analyzed, wherein the 
images in real time of the mechanical means under 
displacement within the fluid to be analyzed are 
obtained by means of a television camera, being 
transmitted to a computer to analyze the images to 
derive from the same the variation of one or more 
parameters related with the alteration of the move- 
ment of the mechanical means as a function of the 
initiation of the coagulation. 
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One of the characteristics with a higher interest 
in the handling of blood and plasma for clinical 
purposes consists in the evaluation of the coagula- 
tion time. 

Various processes and systems are known for 
this aim which are based on physical effects re- 
lated to the formation of fibrine which is typical of 
the coagulation cascade. 

Among the apparatus and systems already 
known, the optical and mechanical coagulation me- 
ters may be cited. Some of these systems com- 
prise rotating bars, corresponding to optical type 
meters; other systems rely on a rotating ball with 
sensors based on the Hall effect, others are based 
on vibrating or oscillating webs combined with vi- 
bration sensors, other types are based on the vari- 
ation of electrical conductivity between electrodes 
and finally, other systems rely on the measurement 
of the variations of capillary viscosity. 

The automatized systems require in order to 
increase the velocity of the process to carry out a 
series of different measurements simultaneously. 
This may be carried out by the arrangement in 
parallel of a series of sensors or having the reac- 
tion wells to rapidly cross in front of a sole sensor. 

In both cases, some limitations appear as to 
space or time in the practical embodiment of the 
process. 

To find a solution to the above drawbacks, the 
process and apparatus of this invention are based 
on completely different and original principles, con- 
sisting basically in the determination of the moment 
in which the coagulation process is initiated, by 
evaluation of the variation of mechanical character- 
istics appearing in the fluid to be analyzed. There- 
fore, the principle is essentially of a mechanical 
nature, requiring a ball, bar or any other object 
which movement may be disturbed by the reaction. 
This change will be detected in form of the cor- 
responding image by means of an image-taking 
camera, in order that the generated signal may be 
processed as a dynamic image with the detection, 
by means of a digitation process, of the moment in 
which the change in the movement of the mechani- 
cal object being displaced within the fluid to be 
analyzed takes place. The fluid preferably consists, 
as above stated, in plasma or blood. 

The determination of the moment in which the 
coagulation initiates is carried out by means of a 
programmable computer in which a comparison will 
be made of the values of certain parameters which 
depend on the mechanical performance of the fluid 
being analyzed with a certain standard or pattern. 
Therefore, the camera for taking images of the 
process will be used only for the capture and 
relying of the generated signal to the computer. 

Any parameter may be used for the determina- 
tion of the moment in which coagulation starts, in 



order to compare its value with a certain model. 
Such parameter may be any parameter which de- 
pends on the variation of the mechanical char- 
acteristics of the fluid to be analyzed in the mo- 

5 ment in which the changes in the coagulation ap- 
pear, that is. the formation of fibrine. Preferably to 
be used will be certain parameters as angular 
speed, linear speed and the position, that is, the 
radius of rotation of the mechanical element related 

w with the fluid being analyzed. 

After experimental work, the inventors have 
found that the parameters which are more suitable 
to carry out the invention consist in the linear 
velocity and the radius of rotation, as the angular 

t5 speed is practically maintained during all the pro- 
cess. 

The advantages to be obtained with the detec- 
tion system of the present invention consist mainly 
in that the detection system in itself may be sepa- 
20 rated from the place in which the reaction is carried 
out, requiring only a "point of vision" from which 
the image will be captured. This characteristic al- 
lows the gathering (for example on a rectangular 
flat surface) of the reaction wells or cavities, reduc- 
25 ing in this way the space needed, as no individual 
detector for each reaction is necessary. At the 
same time, the new process will allow the process- 
ing of multiple reaction wells in parallel, without 
requiring the reactions to be simultaneous, as it is 
30 not needed that all reactions start at the same time, 
given the fact that the invention allows the separate 
processing of each of them. At the same time, as 
the detection is carried out by means of a prog- 
rammable computer, it is very simple to proceed to 
35 the change of the detection parameters, which in 
extreme cases could be carried out by the com- 
puter itself in an "intelligent" manner. 

Therefore, the invention permits to carry out 
the automatic detection of the occurence of coagu- 
40 lation with great capacity and in a short time in 
comparison with previously known systems. 

The apparatus to carry out the process of the 
present invention will preferably comprise a plate 
for carrying the reaction wells or cavities, prefer- 
45 ably made out of plastic material, having multiple 
wells or small cavities in which the reactions will be 
carried out. The external shape of the plate may be 
changed according to convenience. It may be sim- 
ply rectangular, for example, with ten columns and 
50 ten rows of reaction cavities. Each of the wells or 
reaction cavities will be fitted with a bail, so that 
when the plate will be rotated without changing its 
general orientation, the resulting movement for the 
balls within each of the wells or cavities will be 
55 circular, with constant sense of turning. 

Generally speaking, the turning of each of the 
balls will be produced by means of a common 
mechanical arrangement for all of the balls, so that 
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there will be no need to act particularly on each of 
them. 

Given the characteristics of the system of the 
invention, there will be the possibility of using dis- 
cardable plates with a great quantity of reaction 
cavities. This will help in speeding the general 
process and to the reduction of the space needed. 

For its better understanding, a prefered em- 
bodiment will be explained in the following with 
reference being made to the enclosed drawings, in 
which: 

Figure 1 shows a block chart corresponding to 
the process of the present invention. 
Figures 2 and 3 are a view from the top and a 
side view with a partial cross section of a sam- 
ple carrying plate. 

Figure 4 shows a pictorial view of the driving 
arrangement of the sample carrying plate. 
Figure 5 shows a detail of the attachment of the 
driving motor to the sample carrying plate. 
Figures 6 and 7 show examples of the arrange- 
ment of the image capturing camera. 
Figure 8 is a simplified top view of the means to 
place the sample on the reaction cavities. 
Figure 9 shows a simplified view of the means 
for feeding the reaction products to the wells of 
the cavity carrying plate according to the inven- 
tion. 

The process of the present invention com- 
prises the arrangement of the elements shown in 
the block chart of figure 1, duly related among 
themselves so that a TV camera -40- may capture 
the images of plate -37- carrying the reaction avit- 
ies in which the different samples have been fed 
from a sample preparation device -34-. The feeding 
of the reaction products will be carried out by 
means of a proportioner device -35-. The sample 
preparing device -34- will receive sample -32- and 
the proportioner -35- will receive separately the 
reaction products -33-. Temperature will be con- 
troled by a temperature controling means -31- 
which will act on ail elements under consideration, 
that is, the samples and sample preparing device, 
reaction products and proportioner device as well 
as the plate carrying the reaction cavities. The 
informations being captured by the TV camera -40- 
, will pass to data preparation step -41- to be 
relayed to an image processor -42-. Thereafter, the 
computer -43- will process the data to be fed to 
standard computer systems -44-. 

A processor -36- will carry out the control of 
the process on the sample preparation device -34-, 
proportioner -35 and the system for the automatic 
feeding and discarding of plate -38- as well as the 
driving means -39- for the rotation of the plates 
carrying the reaction cavities. The system for the 
process control with receive the feed-back from the 
computer -43-. 



The apparatus to carry out the process will 
essentially comprise a plate -1- carrying a series of 
wells or cavities -2- for the samples distributed 
according to a pattern which usually will corre- 
s spond to straight columns and rows as shown in 
the drawing or any other pattern adapted to the 
apparatus. Each of the cavities or wells will receive 
from one side a sample of the fluid to be analyzed, 
that is, of the blood or plasma which coagulation 
10 velocity is to be determined and from the other 
side it will receive the reaction products to be used 
to enhance coagulation. 

In order that the apparatus may be suitable for 
carrying out the process of this invention, it will be 
T5 essential that each cavity -2- has mechanical 
means to sense the physical variations of the fluid 
to be analyzed at the moment in which coagulation 
is initiated. In the drawings, a prefered embodiment 
has been shown in which each of the wells or 
20 cavities has one ball -3-. 

The driving of plate -1- will be preferably car- 
ried out so that the mechanical means aimed at 
sensing the start of the coagulation may be sub- 
jected to a turning movement in only one direction. 
25 To this end, it is possible to have one driving motor 
-4- with a corresponding first pulley -5- which by 
means of a belt, is capable to drive a second end 
pulley -7- which has an excentrical shaft -8- articu- 
lated on platform -10- which supports the cavity 
30 carrying plate In this way, the plate will have a 
circular movement in only one sense, so that in 
any point on the plate, the movement will cor- 
respond to turning in only one direction, as it has 
been shown by arrow -9- in figure 5. 
35 For better timing of the movement of the plat- 
form and the cavity carrying plate supported on the 
platform, the belt -6- will be a toothed belt, the 
same as pulleys -5- and -7-. 

Platform -10- receives the cavity carrying plate 
40 by means of rims -11-, -12-, -13- and -14-, shown 
only as an example. The platform has at the same 
time a series of holes -15- to allow the observation 
of cavity -2- of plate -1-from the bottom. 

According to this invention, a TV camera is 
45 provided for capturing images. The TV camera will 
be located under the plateform, directed towards 
the upper part as in the version shown in figure 6, 
in which the camera has the reference numeral 
-16-. The camera could also be laterally located 
so with the combination of a mirror, such as in the 
version shown in figure 7, in which the TV camera 
-17- captures the images through mirrors -18-. 

According to the present invention, the appara- 
tus will be completed by means of a reactive 
55 preparation system which has been schematically 
shown in figures 8 and 9. The reactive preparation 
system is constituted by a support for a series of 
reactive despensing nozzles, each of which is con- 
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nected to a peristaltic pump for the reactives by a 
pipe ending in the corresponding container. 

The support has been shown schematically by 
means of plate -19- which bears multiple holes -20- 
for receiving the nozzles which have received refer- 
ence numeral -21- in figure 9, and which move- 
ment may be obtained by a double arm system as 
shown by -22- and -23-. A series of containers -24- 
for the reactives will supply the reactives to nozzles 
-21- intermediate peristaltic pumps -25-shown in 
figure 9. 

The driving system for plate -19- will have a 
movement according to three coordinated axis to 
obtain the necessary displacements in relation with 
the cavities of the plate, to allow the charging of 
the reactives on the same. 

The TV camera will be connected to an image 
processing system composed by a capturing and 
digitation means and by signal processing means. 
The result will be the determination of the moment 
in which an alteration in the movement of each ball 
will appear. 

The memory of the system will have a repre- 
sentation on real time of the image corresponding 
to the real view or scene. This information has to 
be processed by means of algorithms related to 
specific electronic circuits. 

Complementarily, the apparatus of this inven- 
tion will comprise means for the illumination of the 
scene, as well as for the thermostatic control of the 
plate carrying the reactives, as well as other auxil- 
iary conventional means. 

Although the invention has been shown in rela- 
tion with a prefered embodiment, it is to be under- 
stood that the technicians skilled in the matter may 
contrive new executions to be comprised within the 
broad scope of the following claims. 

Claims 

1. Process and apparatus for the determination of 
the coagulation time of blood and plasma 
which comprises mechanical means contacting 
the fluid and the corresponding reactives to be 
analyzed, which mechanical means are given a 
displacement which is capable to be altered by 
the initiation of the coagulation of the fluid to 
be analyzed, wherein the images in real time 
of the mechanical means under displacement 
within the fluid to be analyzed are obtained by 
means of a television camera, being transmit- 
ted to a computer which is capable to analyze 
the images to derive from the same the vari- 
ation of one or more parameters related with 
the alteration of the movement of the mechani- 
cal means as a function of the initiation of the 
coagulation. 



2. Process and apparatus for the determination of 
the coagulation time of blood and plasma ac- 
cording to claim 1 , wherein the apparatus has 
support plates having multiple cavities for the 

5 samples and the reactives to be analyzed, the 

plate being transparent, to allow the optical 
observation by the image capturing camera, 
being the plate capable to be attached to a 
platform which has a circular movement in only 

70 one direction in all and each of its points. 

3. Process and apparatus for the determination of 
the coagulation time of blood and plasma ac- 
cording to claim 2, wherein the support for the 

75 plate is effected with a turning movement by 

means of its attachment to an excentrical 
means in one point which is remote relative 
the articulation of the plate, allowing the same 
turning movement in only one sense to be 

20 obtained, in each and all points of the plate. 

4. Process and apparatus for the determination of 
the coagulation time of blood and plasma ac- 
cording to claim 2, wherein the apparatus has 

25 a reactive feeding system with a number of 

nozzles associated a support which is driven in 
three dimensions to allow the charge of the 
various reactives in each of the sample con- 
taining wells of a plate, the reactives being 

30 channeled by means of pipes from the cor- 
responding containers intermediate respective 
peristaltic pumps. 

5. Process and apparatus for the determination of 
35 the coagulation time of blood and plasma ac- 
cording to claim 2, wherein the TV camera for 
capturing images in real time is attached to the 
apparatus in a form that its field of vision 
covers all of the sample cavities in the support 

40 plate from a unique point of vision, preferably 

from underneath of the sample carrying plate. 
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